Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4

50X1-HUM

0\0
<

Next 2 Page(s) In Document Denied

Q”g

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4



l
Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4

» * -

> .
Yu.l.Galperin
Institute of Physics of the Atmosphere
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Susmery

The psper describes developments im observations ef recestly
discovered new type of aurors the proton surore i.e. "hydregem
£1014" whieh systemstically sppears in the aurorsl seme oftemet
quist magoetic conditions and moves to equator with daiag meg-
aetis disturbence. The hydrogen field is’fhesrly homogensous wide
Sead with borders aleng sagaetic parellels. There is mo other
certaia evidence on concentrstion of hydrogen eaissiom in any
other distimet suroral fru. The magnetic senith emission prefile
1s mearly comstant possibly with only miner varistioas. Published
data camnot serve to derive with cmtainty the height of hydrogem
emission fn hydrogen field and iaitial proton energy spectrwm at

" low energies.

The discovery of proton aurora as distinot phenomenca
oomplets the pioture of particle Dombardment in disturbed
wpper atmosphers and stresses the lack of understanding of

smrorel accelersting mechaniams.
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First surorsl spectra with broadened hydrogen emission
were odtained by Vegard in 1939 (1). Later observations of

B, (2,3) and X, N, and K,(4,5) confirmed identification of
WMMMWIMMpMdﬂntM
ing is caused by doppler effect. MNeinel (6,7) odbtained
doppler prefiles separately from sagnetic senith and magnetic
horison aad showed that nittiuhydmnatmmmapprb-
ximstely along magnetic lines of force and it was confirmed direo
Ay vy mﬂ‘{ry simultaneous spectrographing of fixed poimt

of the same homogeneous arg in magnetic senith and magnetic ho-
risem from two stations.

ds2: Norehology of proton bosbardment

Bistematic hydrogen emission studies at the surorsl and

subauroral sone (9 = 12) showed that usually before local mid-
aight the region of proton bombardment shifts gradually from
Borth %o the south (in the Northern hemisphere) and after lecal
aidnight back from south to north, though sometimes much more
' oemplicated Picture of repeated movements can be seen. Region of
proton bo-blrﬂnat, “the hydrogen field" RaY be described as wide .
bead of nearly homogensous brightness. The borders of this band
lay spproximately along nagnetic parallels (113 from horison to
dorisen. Letitudinal spresd is st lesst up to 15° while the lo-
west observed value is about 1° (1f). To the north from hydrogen
field (ia she Northera hemisphere) the ususl surors Ex¥ssENRE |3

e eal L —"
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exoitated by electroms in situated. Regions of proton and elect-

‘ron bombardment are usually separated by dark eamissiomless bend
(11,12,13). Por higher magnetic activity both these regions wove
to south (10, 12, 13, 14). But in suroral sone hydrogen eaission
may sppear during quiet magnetic field (9, 10, 15). These concle-
sions are im good agreement with esrlier statistical results bty
Gartlein (16) and Montalbetts and Jones (15). With such picture
the sajority of earlier observations of aurorsl hydrogen such as
by Vegard (2, 3), Pan and Schulte (17), Omholt (18, 19), Romiok
and Elvey (20) and others can be put into agreement.

Sometimes however hydrogen emission is registered simulte-
neously with usual electron surora. The regular picture desori-
bed above is disturbed especially during strong magnetic storms.

Hydrogen bombardment at zenith on low latitude ststions is
registered much rarely than electron dombardment. Apparently
hydrogen field is surrounded from the south as from the north by
regions of electron penetration (14). Many measurements have
beea made with the aim to rfind the enhsncement of hydrogen emis~
sion in any usual bright sharp defind surorsl form, dbut all with
negative result (11).

In the auroral zome the hydrogen emission may be observed
nearly every night with the intensity of the He line at least
100 R (9,11).
da3. Nedsht luminosity distritution

Neasurements of brightness distribution of hydrogen emissica
in the fumction of senith distence were made Yy different metheds
(7, 9 11, 19). BDut 1if the geogrephical extent of hydrogem field
at the somemt of observations is unknown, the brightaess distri~

bution measured from ome station can mot allow to construot
she height luminosity distribution. For this
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sust be used precisssimaltansous observations from & mumber of

mu'rochtwnuulm line similar to airglow
height determimations are needed.

Assending to Rees (21) detailed photometriocal triangulation
of typical kydrogen field gave for height of lower edge 108 kn
and sharp inbensity decrease with height above maximum. Bat ob-
servetiosal method and details are not mentioned.

Aot Ryfrossn Jine profiles

Ertensive observational material have shown that in over—
whelning majority of cases suroral hydrogen profiles sre Prec=
tisally identical within observational exrors.(3, S» 6y 8 90
1f, 19, 22, 23, 24, 25) Only some cases of *parrow” profiles in
magnetic senith have been stated (8, 22, 23). Small variations

 in Hq and By senith profiles such as different displacement of
intensity maximum, the rate of the intensity decrease in the
violet tail at least partly are due to contamination of hydrogen
redistion IOl:ﬂTOM from high magnetic genith angles and often
(especially with low resolution) hardly can be discriminated
frem blending bands. Meauwhile some variations may be signifi-
unt. More detailed fast observations with high resolution are
aseded.

In any case, not a single megnetic zenith profile is pub-
14shed or stajed with the intensity maximum in the energy range
P10uni
143 Dalmes decTemeRt

Some information may de gathered from Balmer decremsnt
of surordl hydrogen (relative intensities of Bslmer lines) but
the measurements are vVery aifficult and there are still only
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few data. Thege are descrifed in the following table.

T 3 ]

dober  yge) TG ‘R

‘et (8) 2?7 A= .

s s - 1 ' o 3
m( 9) b - ,

'mv-wc(zs)*" . -‘ :

' m ’ (27), 1,65 —0.3;3 1 . = 1

-

Successive intensities given by Deehr ( 29 ) spparently
lead to conclusion that I ( Ba)/ I ( Hp )~ 2 ia perieds of
Dow intensity of (0,2) nai2 band, but that I ( Ha)/T ( By )~

= during suroral break-ups. All these measurements spparently
vu'd not corrected for contamination of hydrogen radiation

.‘IM froa directions out of line of sight. So any conmolu-
sions about possible variations of Balmer decrement must be
postponed.

Higher Belmer numbers than By and Paschen lines have not
Deen detected for the presentwith sertminty-

AeS Jutenaliy corpejstiops

" Many autbors finded correlation between hydrogen lines'
intensity and jigh-altitude forbidden atomic enissions 6300=
6364 {#1) ana 5200 LF1 ] ( 5, 9, 13, 18, 20, 27, 28 ), dut
Bvlashin (10) obtained contrary result. Ivanchuck (28) showed
that mean imvensity ratic of I ( Hp) /T [(0-ZN() rises toge-
ther with ratio I (5200)/1(0-3MP It was found (9) taat in
the spectra with kydrogen enission met oaly forbidden »wt ofton
peraitsed atomic lines are also relatively enhamned which aakes
such spectra similar to ones of high altitude type A red surore,
and this was confirmed in (28).
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vaisberg (29) by extensive studics with auroral specirometer
showed that in hyurogen tield the intensities of all strong
emissions from ultra-violet to infrared regions ere nearly pro-
portional to H [ intensity. But in conparin’ these with spectra
of electron aurora some peculiarities may ve found for example,
in hydrogen fields the relative intensity of Meinel bands of nz‘
is lower and the intensity of 5004 NII is higher, The ratio
I (Hp)/T ((0,2)1% ]~1 in bydrogen tislds and nay be up to
1,5

Some cases are reported when the ratio I ( Hp )/IL(O,Z) g}
W1 ( 20, 233¢) and simultaneously Hp zenith profile become
*narrow* (23).
1,6, Direct measurements of auroral protons

In the IGY early in the 1958 two series of rocket auroral
measurements were p@rformed. In one series (38) in four cases
energetic ionic (most probably proton) beams were detected. Their
integral energy .spectra for energies more than about 160 kev. can
be descriffed by power law with5~'—hk For ener’ies less than about
160 xev. the spectrum is more flat. The jonic flux is Botropic in
the pitch-angle range from o° to 75°. The most intense flux
(with steep energy spectrum) was detected in situation similar in
description to hydrogen field, In the other ceries ( 32 ) in the
case also according to description similar to hydrogen field the
flux of the form J(»&)= 2,5 (,‘::)-":m" sec = slee”!
was detected., Simultaneous ground observations of Hy with 9uror[a1
spectrometer showed Q ( Hp ) = 6 207 pboton/emzsem i';tegra]..‘-
auroral light registered by photomultiplier with S—:l spectral

sensitivity curve as 0,05 c'r.a /cmzsec.

|
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2.Theory of auroral -hydrogen emigsio
2.1. Epission rate per incident protop

When a proton beam passes through a gar (or gss asixture) a
pumber of charge-changing elementary processes take place which
lead to creation of neutralastoms and negstive ions. Prections of
the total moving boai with charges "+" , "o" and "-" can e found
from equations given in (). Some processes lead to appearance of
the exoited stoms. The H~ fraction of incident proton in the mole-
cular szot, oxygen and hydrogen beam do not exceed 2% and usually
its role is not taken into consideration though respective cross-
-sections are not known.

The most important characteristic of proton beam enissivity
is the dependence Fan' (v) of photon emission rate per incident
proton per unit diminition of velocity (or per atm-cm path lenghh).
Unfortunately for the present there is no experimental data on
Pon' determination directly from pboton beam in upper ataosphewic
wohitituents in the whode regiom from 0,2 ©0 b Lemss P¥wv.The
excitation of hydrogen emissions was theoretically calculated by
the equations of statistical equilibrium and ionization equilib-
rium ( look 39) with the use of the effective cross-sections cal-
culated by Bates and his associates ( 34,% ) for proton besm in
atomic hydrogen and also with experimentally obtained data for
protons in azot, oxygen and air. The resulting carve for Fun' (v)
has brosd maximum for Hy st the velocity of about 2000 km/sec
( BE~20 kev) and sharp decreace with the diminition of velocity
to ~1000 km/sec (~5kev).

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4



I

Declassified in Part - Sanltlzed ColwA roved for R A ;
~OPy App r Release 2011/11/02 : CIA-RDP80T00246A017500030001-4

The form of the Pnn' (v) dependence may be evaluated in
another way also. Suppose that proton is incident on atmosphere
of punlz.

Experimental data on mumber of capture and loss cycles in a
hydrogen beaa in function of energy # in asote are givea in
(33). The ratio of csptures on the 3& quantum level to all cap-
tures for energles of 1 - & kev has been measured (87), and 1s
close to theoretical values for H + H* (35) for such energies.
80 for E>5 kev this ratio may be taken froa (35). Such celcule-
tion gives the Pun' (v) ourve only fro@ egpture from X, on the
3‘ Jevel (it seems that atmospheric gaz aixture will not change
this result significantly) with a broad maximum at B= 30kev and
the total number O(where C -f;'-'(ﬂ dv) equal to 76H« quanta per
incident proton of energy 1;300 kev. Analogous estimates of the
politionofthonxiluofl‘m' curve can be made by the use of
sdiabatic criterion of Massey, though validity of such estimates
for excitation processes appsrently have not been proved.

In short, all the data which use the excitation probability-
o8 by capture to excited state from (34) lead to sharp decrease
of excitation efficiency at low energies (E<10 kev). But the
absence of direct experimental messuresents especislly with ato-
mic oxygen make this most important point somewhat uncertain.
2:2, The role of protons i aurorsl excitation

As has been calculated (tor example see Chamberlain (34))!01-
pure proton besa with the above aentioned Fon' function the quan—
tus intensity ratio Q (u,)/ﬁ (3914)*>0,3 for initial proton
energies B< 100 kev and this ratio rises with the diminution of

TF—
XJ Q (3914) is the quantum intensity of (0,0) band umz’ per
c-2 per sec, Q (4709) is the same for (0,2) band.
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initial proton energy. Taking Q (3914)/Q(4709)=17,5 (34) we have
Q (Hg)/R(8709)>5.... As described above even in ususl hydrogeno
£1e1d this ratio is about daity (29) and only in some cases (20,
23, 30) values muchk more than mz.nro regiatered. This means
(ot ¢ aompatadti)

mtmhMWtuummeulmiqot
stmespheric gases spparepdly is excited by electrons snd pure
prvton bomberdmeat isfvery rese ease, possibly connected with

protens of especially low velooities (23).

213 Froton Llux spisotrowy

Another importanmt charsoteristic of proton influx is the
pitch-sagle distribution funetion N(6) (cn~2socater™l). Using
¥ (6 ) (supposing it is independent of velocity) and Pom' (V)
the formulae for the line prefiles in magnetic senith, magnetic
horisoa snd intermediate directioms say de derived ( 34, 38, 39).
It is evident oS Symmetry considerstions that for isotropic
protoa flux for Q<90° per unit solid angle on a unit square
perpesdicular to magnetic force line ¥ (6€) = const (or’.
(o) scomst, where § (o is the particle intensity) the form
of magnetic senith snd magnetic horisom profiles coinodde (in
the imtermediate directions & slight asymmetry will conserve).
Therefore the fact thattypical observed profiles in these two
directions sre markedly different means that irrespective «f
initisl proton energy spectrum the beaam is snisotropic signifi-
cantly. Quantitative estimates of the N (®) function approxima-
ted by the form ¥ (@) = K cos"*'@  show that observed pro-
files lead to -1€ M & 3. This may be compared with nesrly

L]
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isotropic particle intensity 7(0) measured trom rocket (31),

that is n &0, for E¥ 100 kev.

2.4. Proton energy spectrum

As we have no experimental justification that proton flux
anisotropy is independent of energy in the region E <100 kev
we cannot be sure thet the full distribution function of proton

of verie€las dut
beaa ¥ (¥%[6) permit the separation G_u?i)suppuition is usually
ssde. Both Man' (v) and N (8) functions are needed for deriva-
tion of Q’(ll.)“—the velocity dependent part of distribution
function. Assuming the abovementioned form for Fnn' (v) snd IV(O)
and teking W(u)d4 =const vt ol to a snarp cutoff at some
minimum velocity Vwim Chamberlain (34) shown that for V > Vuia
observational profiles lead to 2sSs3 in the energy region of
order 10 § 1 kev. So compromise distribution function may be
written as
N(0]8) dtedl® = const: cos@ U7 i b

Por energies E>100 kev the energy spectrum is amuch more
steep (31, 32) snd variable. The energy range 5 efo kev for
the present apparently has not been studied by any method. Ho—
wever some estimates could be made from comparison of simulta-
neous rocket and ground observations (32) if the registered Hps
profile was published. Supposing that t:e profile was of typical
form, it can be evalusted that as much as 3 - 10° ions/c‘lzsec star
with E >20 hvﬁght penetrate to suroral heights at the moment
of the experiment without being poticed by profile otservations.
This is only about 3 times lower than extrapolation used in (32)

gives. But for lower energies of order of k kev the flux nust
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exceed significantly thuat extrapolated in (32).

3,Discussion

This last conclusion as other interpretation problems for
oxllple,ansular distributionlthe presence of electron voabard-
ment in-hydrogen field and B0 OR dppend on assumed form of
Fon' €v) function. It must be mentioned that sharp low energy
cutoff in this function appear only because thegppetical calcula-
tions for H's H collisions (35) are applied to upper gtmospheric
conditions. If for atmospheric gaz mixture the ratio of captures
%o an excited state to all captures by proton does not vary 8o
sharply in the region 5 4-15 kev as the results of (35) iwply
the maximum of Fan' curve (see 34) may shift significantly to
lower energies. If our present knowledge Q4) on the form end
sbsoluts values of Fon' 18 completely wrong the scope of obser-
vational data for the present (21, 25, 31, 32) cannot exclude
possibility that typical hydrogen field emission is caused by
protons of energies of tens of kev.

In any case the saximum of proton differential energy
apectrulm sust lay in the region 1 f 30 kevzj The hydrogen emis-
sion problem now may be analysed from idifferent sides. The
height of aaximum luminocity, the hydrogen emission cross sec-
tions in the region mentioned above and especially direct expe-
riment on proton injection or proton registration in the upper
ataosphere would be decisive. The systematic searsh for hydrogen
emissign profile variations and Q(H’L/G(naﬂ ratio also may lead
to important information on proton bombardment.
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The following aspects of incident proton beam cannot es~
cape attention. Firstly, the position of maximum proton diffe-
rentisl energy spectrum is simlilar within an order of magnitude
to one of auroral electron spectrum and it is herdly a fortui-
tous coingidence. Secondly, proton spectrum in comparison to
auroral electron one typically has long high energy tail up to
some hundreds of kev which possibly signifies to accele~
retion of protons in the upper atmosphere by some analog to
Permi acceleration(for example by hydromagnetic waves) and not
by electric field. It is clear that the wide energy spectrum
and systé-atic geographical picture of proton bombardment is
in harmony with the idea of their local acceleration in the
upper atmosphere but not with their penetration to surorsal
heights directly from sglar stream.

The discovery of sistematic picture of proton boabardaent
means that the sense of th atim@urora must be precised as low
energy psrticle bombardeent of upper atmosphere but not only
distinct easily visible bright formations. Usual all-sky and
other auroral morphology studies deal not with gtjffors in gene-
ral but only with brizht electron aurora while proton aurora
with its low emission intensity is a distinct and rewarkable
upper atmospheric phenomenon completing the picture of upper
stmospheric disturbance.It is# especially important for general

aurorsal theory.
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HBLIUM IN THL UrPsk ATJOUIHERE
N-N.Shafov
Institute of Physice of the Atmosphere
UeSeSeRe Academy of Sciences

Sumsary

The paper desls with the excitation of helium emission
im the upper atmosphere. Emiseion 0£A10830 £ 1s observed
only im sunlit atmosphere and appears due to fluorescence.
The excitation of helium emission, R 10830 R, essentlially
depends on ultre-violet solar radiation with J«<304 £ and
A584 L. The paper examines variesties of this redistion.

During the IGY and in the period that followed the
Institute of Physice of the Atmosphere of the U.S.5.K.
Academy of Sciences has been engaged in research into the
problem of the upper atmosphare emissionfDisplays of
twilight enhancement of A10830 ® helium and A 8446 R
oxygen emission were undoudtedly among the most interesting
pbenomena we had occasion to detect. The oxygen line of
A 8446 3 was observed at Zvenigorod during long sumaer
twilights with an exposure of about two hours in unper turbed
magnetic conditions (1).

The existence of this emission which appears in
twilight as a result of absorption of the L’ aolar line
by atomic oxygen was predicted by Shkloveky (2). The mean
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measured intensity or)8446 £ emission was estimated at
13 Rayleighs. This intensity is lower by one order of magni-
tude than the intensity estimated by Shkloveky and by one
order higher than the intensity calculated by Brandt (3).

For sl)l that, the detection of helium emission,
)106!) R. remeine the most interesting feature. Helium was
long ago known to exist in the atmosphere,but its content in
the upper atmosphere,bsginning from the first cowmputations
made by Jeans (4) and until recently (5-8) couli be detemined
only by purely theoretical cslculstions and on the basis of
different assumptions of ite origin in the terrestrial
atmosphere. Many attemptc have been made to discover hel fum
lines in the vigible region of the spectrum,of aurorae and
all of them have failed. It was not until image converters
came into use that it became possible to obsarve helium emissiom,
) 10830 R. for the first time in an airora on February 10-11,
1958 (Niromevet al.) (12,13). Later,Pedorova (14,15) who
made systematic observations of airorae diecovered new evidence
in support of this phenomenon.

A twilight enhancement of heliun emlalion)IOB}O b
in the absence of aurora was observed by the author with the
help of a spectrograph (16-13) and by Shcheglov who used
a Pabry-Perot étalon (17-21). #e have also succeeded in
recording helium emission during the solar eclipse on Pebruary
15,1961, when observations were conducted from an sircraft

(Shuiskaja) (22).
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Unfortunately, information on the observations of
i )5‘15 f helium emission (23,24) apparently leaves out
% of sccount the blending effect exerted on 15875 £ R
oemission by the hydroxyl band branch (8,2). According to
Pedorova (25), the intensity of helium emission A 10830 %
in eunlit surors shows & certain connection with the solar
activity.

%o know that helium emission of 110830 £ 1s observed
only when the sun illumines the upper layers of the atmos-
phere both during surores and in ordinary twilight with
abesns of surorse. In this case the intensity of the
“rescmance® line, 110830 f, is rather high while the intens-
ities of the subordinate lines are so negligible that nobody
cam so far claim to have discovered them authentically.

All this undoubtly indicates to the fact that helium emissiom
ot)lOB)O £ can be caused only by a resonance nupromnco
of helium atoms in the 233 metastable state in solar
radistion (26-28).

The process of excitation ofA10830 £ emission by
helium stoms with an energy of about 256 kev was examined
by Malville (23). The value of the relationship of the
210830 £ end ) 5875 § 1ine intensities ho has calcul nted
(0.09) disagrees with the observation data because 45875 £
omission has never been registered for certain. According
t0 the computed value (0.09),its intensity may reach several
thousand Rayleighs in aurorae. However, even if the emission
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ofA5875 £ wae present in the aurors on rFebruary 10-11,
1958, 4ts intensity could not be over 10 Rayleighs as it
follows from the published spectra (12), whereas the intens-
ity of /\10630 £ i very high. Besides, the helium emission
of )10830 £ should have been present also in the atmosphere
which was not illuminated by the sun which was not the cese.
Por this reason, the role of the process of helium excitation
examined by Malville must be very insignificant.

The lifetime of the 231’ excited state initiating the
rediation of the 410830 § line may be determined only by
the probadility of a spontaneous transi tion to the 235
state. Therefore,the number of transitioms 238 - 231’ due
to radiation absorption should equal the number of transitions
23 - 235 with the rasiation of the A10830 £ 1line
(Table 1). The i.tensity of the ~mission )10830 £ in
twilight smounts to about 1,000 Kayleighs while in aurora
it can reach several tens of kilorayleigha. This is in good
agreement with the population in the 255 helium metastable
level having from one to several tens of metastable atoms
per cubic centimetre.

bxemination of the entire combination of the processes
causing the excitation of the metastable state of helium,
238,, has shown that the priority belonga to the following
two processes: excitation by electrons with an energy of

about 25 ev and excitation due to solar radiastion in A584 £
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end A537 £ 1ines of helium. Blectrons with an energy of
about 25 ev may appear in the upper atmosphere ss a result
of the ionisstion of atmospheric atoms and molecules by
eleotrons with an energy of about 10 kev and the ultrs =
~violet solar radiation with 4 <304 £ (29,30). Blectrons
with an energy of about 10 kev have been slready discovered
by means of rockets and artificial satellitas (31-36). The
intensity of the ultra-violet solar radistion has been like-
wise repeatedly determined with the help of rockets (37-38).
A aystem of steady-state equations has been devised

for computing the intensjties of various helium lines. The
caloulations involved only the first five excitation levels
of orthohelium and parshelium. The effective excitation
oroes-section of the 238 metastadble level by electrons with
with an energy of about 25 ev was taken from Schultz's data
(33) and for the other levels from Allen (40) and Yakhontova
(41). Exchenge transitioms of helium stoms from the 2ls
state to the 238 state possess a large effective crosa-sec-
tion during collisions with ordinary "thermal® electronms.
‘londrlthv (42) and Smith and Muschlits - (43) estimate this
effective cross-section at -~ 3.10'1‘4:.2. This inadver—
tently promotes the role of the resonance excitation, by
solar rediation in the A584 & . and A 537 & 1lines, of the
parehelium levelc, 211’ and 311’, from which the helium
atoms can be transferred with radiation to the 2!5 level.
Rxchangs transitions between higher ninglet and triplet states

of helium during collisions with electrons and helium atoms
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in the ground state aleo have large effective cross -
-sections. These processes have been studied by Lin and
Powler (44) and John and Powler (45). However, the ulP levels
are lese populated in condition of the terrestrial atmosphere.
Por this reason, the role of exchange transitions from all
parahelium levels, except for 215, will be negligible.
Incidentally, thie is confirmed by the absence of R 5875 £
emission.

The solution of the aystem of steady-state equations
has yielded for helium the dependence of the population of
the 23P level and, hence also the intensity of the

) 108% £ emission, upon the content of electrons with an
energy of about 25 ev in the upper atmosphere and the intenaity
of the ultra-violet solar radiation (18, 13, 46) (Table 2).

The functione ?/ g and Y describe, respectively,the
role of the processes of excitation by electrons with an
energy of about 25 ev and the proceasses of recoabination and
ultra-violet solar radiation in As584 £ ana A537 . Since
the degree of helium ionisation up to0 2,000 km is of the order
ot 10~ (47-43) and the electron density is close to
104 em™> the effect of the recombination processes can be
frequently neglected. The functionw‘vhich determines the
role of the ultra~violet solar radiation is directly
proportional to the intensity of the A584 % and A 537 &
lines when the concentration of ordinary "thermal® electrona

exceeds 102ca™3.  The functions Qand ¥ alec depend on the
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elostren concentration aad the temperature in the upper
otmsephere which are the factors determining the effect of the
pressases of electiron exchange when parahelium passes into
ovthohelimm.

Rowevey, the tmp&om of the terrestrial stmosphere
differe 1n the wavelengthe A584 § and A < 304 R. Absorption
in the wavelengthe A <304 £, and also 1n 4584 ¥ far from
the comtye of the lime, will be brought about by the photo-
ienisatien o7 oxygen atoms and nitrogen molecules. The
hoighte of lagere, which correspond to an optical thickness
ogual to mity,ia the wavelengths 584 £ and A <04 R
will be 350 la and )00 km, respectively, at an oblique incidence
of regs. The heights corresponding to a ten-fold attenuation are
ootimated at )00 and 250 km. The effective values of photo-
fenisstion cross-sections were taken from Dalgarno and
Parkinsen (50). In the centre of the 4584 { 1line the absorp-
S4em will be aleoc effected by helium atoms. Inasmuch as the
abesrption osefficient at T ~ 1500°K 1s sbout 107 Jom?
(51,52) the stmospheric layer will be optically thick when the
oun rags fsll oblique. It is extremely difficult to solve the
problem of the diffusion of resonance rediation in an optically
thick medium for a spherical atmosphere in the case of almost
pure scattering--this problem still awaits its solution. Por
s plams - parallel medium the problem was investigated for some
1imiting cases YWy Ambartsumyan (53), Sobolev (54) and Chandra-
sekhar (55). Bramdt examined only the diffuse reflection of
radiotien 2584 £ (56). It stands to reason,however, that the
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role of 564 & and 4537 8  eatestons in the excitation
of the 238 holium metestable state will be quite impressive
at the heighto of 1,000 km and more. At lower heights the
helium atome will be excited by electrons with an energy of
about 25 ev which appear durlug photoionisation by solar
radiation with 1 <304 & (46). It should be noted in this
connection that the role of 1584 & rediation evaluated
earlier (18,19) was apparently somewhat exaggerated.liowever,
to arrive at the final eclution the problem of the diffusiom
of A 584 R radiation should be studied in greater detail.
¥e have pointed out elsewhore that the presence of
helium in the terrestrial etaosphere was known long ago.
The study of the sarth's satellites acceleration {57) made
1t possible to specify more Sccurstely the dsts of atmospher-
1c density (58), which were obtained on the basic of the
belium dissipation theory. Observations of helium emission,
)108)0 R, yield almost identical resultes. Lowever, the
following is far more iaportant. As has been sLown,ultrs -
~violet solar radiation is an essential factor in the
processes of excitation of A10830 & helium exission. Por
this reason, the investigation of the safiarion, A 10830 2.
allows ordinary ground obse; ations of solar raiiation with
A584 2 and 41¢304 8 to be undertaken.

The problea of variationc in the ultra-vioclet solar
radiation is not yet completely solved both frow an experi-
mental and theoretical points of view. Analysis of the
datu provided by rocket rescarch, including "-l spectrohelio~-

grems,leads us to the following conclusions (%3).
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1. The temperature of the effective radiation lnyer
1s of the order of 20000°K.

2. The teapersture in the active and unperturbed
regions of the sun is slmost the sane.

3+ The density in the active regions is approximately

by less then em order of magnitude higier than in the quiet regions.

4. The total solar redistion flux in the Ly line
can change negligibly (by two or three times) during the
entire cycle of solar activity.

These assumptions concerning the mature of the active
regions agree generally with the model of the chromosphere
devised by Ivanov-Kholodny and aikolsky (60). It follows
therefore that 1f the radietion of the AeI}5s4 § and epparemtly

hnboc x which forms,like Lg» in an optically thick lager,
arises in the same cases as Lo » then the variations of the
intensity of these 1lines should be ot the seame order
of magnitude as for Lo+ The same is true of L‘. Por this
reason the active formations on spectroheliograms in the
helium lines ARy be expected to vary 5-10 times.
Hence, the variation of the total radiation flux should be
On &n average 2 to 3 times even if the area of active
formations proves greater than that obeer.ed on L, sapectro-
heliograme.

Hatters appear quite different as regards the study

of the eun in the reuion with A < 08 R. The lines in this

epectrum region arise in an ostically thin layer (52).
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Since the intensity of the lines in this case is proport-
iomal to the square of the oloctron’ldon-ny the local
Wrightness of the disturbed areas on the sun in these lines
2ey be higher by &S orders of magnitude than in quiet areas.
Theyefore,the total radiation flux with A <308 8% cen vary

Joss then an e0der On the basisn of these data it can apparantly
be expected that solar radiation will be correlated with the
ares of the faculae (59).

In this way,taking Lpto account the anticipated
variations of the ultre-viclet solar redistion,it can de
essumed that in surors electroms with an energy of sdout 10
Rev and & solar rediation with A< 304 § can make a
cemmensursable contribution to the formation of electrons
with an energy of about 25 ev. During ordinary twilight and
3y day uader quiet conditions the ultra-violet solar
redistion with A<304 £ will apparently make a decisive
contribution to the intensity of the A10830 % emidsion.

The author is indebted to rrofessor V.I.Krassovsky
for his valuable sdvise and constant interest throughout
the probdlea.
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Table I

n o"B'A.ﬂ

23s 2%p
Isd.n .

23, “H.
I

'238 " n,B.H.H.

w === dilution factor,

A.B—Bm-tou transition values,

@~ density of 310830 f eolar radiation,

ﬂl.—-houht of homogeneous atmosphere for helium,
| I — A10830 R 1line intensity in quants
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Table 2
B + + R
2k . P - 2=)¢ ¢.L.§¢(1-_.)v
By Ro Bo Bo
By == full concentration of helium,
n' -—= concentration of uo’ ions,

P --- flux of electrons with sn energy of about 25 ev.
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TEMPXRATURE AND CORPUSBCULAR HEATING
IR AURORAL ZONB

T.M.Mulyarchik, P.vV.Shcheglov
Institute of Physice of the Atmosphere

USSR Academy of Sciences, Moscow

Summary

Results of the observations of the temperature
of the polar atmosphere and some possible °

mechanisms of its heating are discussed.

The upper atmosphere can be heated by the ultra-violet
rediation of the sun, corpuscular streams,hydromsgnetic waves.
A number of measurements (1l-4) shows that at altitudes of
100-200 km the temperature of the night atmosphere is higher
in the auroral zone than in the middle latitudes. One can
believe that the latitude eftect is caused by the corpuscular
heating which takes place mainly in the polar atmosphere.

lat us consider temperature measurements at the atmosphere
in the auroral zone.

The most ordinary are the ground obeervations
interferometric estimates, permitting to determine Loppler

temperature froa the contours of emission lines and spectro-
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scopic measurements of the rotational temperature of

| Bolecular bamds. One should be sure that the temperatures
in swch & way obtained coincide with the kinetic temperature

i of the medium. So either the mechanism of excitation of
the ebesrved emission should not disturb the Maxwell distribut-
ion or there should pass enough time between the excitation
®d de-excitation (fluorescence) so that the atoa should
undergo some collisions and Maxwell distribution could be
restored. When obeerving forbidden lines A 5577 and
) 6300 the latter comdition is fullfilled up to the
hedghts of 150-300 km accordingly. (Apparently the most
prodable mechanism of excitation A5577 and A 6300 ie an
olectronic impact, so Maxwell distribution remains at higher
altitude as well). In the comditions of the upper atmosphere
the naturel width of spectral lines and collisional broaden-
ing are negligidle in comparison with Doppler broadening.
Turbulent motions can be spparently also neglected,so the
contour of the line is determined only by thermal movements
and permite to judge of the kinetic temperature of the medium.

It is most convenient to Beasure rotational tempe-

Fatures duringWrorse from bands (0,0) and (0,1) ING N,*.
These are permitted bande,so if the mechaniem of excitation
results in deflection of populations of the rotational levels
from Boltsmenn distribution it will not recover till the
moment of de-excitation. But as NaH,* 1s apparently excited

by electronic impact when the energy of the molecule is not
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changed ome can hope that the equilibrium with the atmos-
phere is not disturbed. Laboratory tests showed that the
protem excitation apparently also doss not change the angulsr
sement. Thus the rotatiomal temperature determined from the
bends 150 N,' should coincide with the kinetic tempers-
ture of the medium. '
Spectroscepic measurements of the tempersture of
ssreres enable to odtain temperatures mainly of the altitudes
of 80-150 km (wsusl forms of surorss), more seldom ~ 200 km
(red auroree of ths A type) end still more seldom for the
Bigher sltitules sunlit ewrcres). These measuwrements should
be ssoompanied bWy the detemmination of the height of the
rediamt regiom. Unfortumately, this was not always done
at all, so ome can often judge of the height of the lger
for which the tempersture is detemined only 1w the fom
of the light odserved. A detailed survey and discussion
of the obtaimed rotstionsl temperatures are given by
Runten (5).
The tempersture values for which heights are knowmn
fall well enough on the temperature curve of the 1961
CIRA model (6). This model is referred to the middle
1etitudes, so the messurements do not show any teampersture
rise in the direction of high latitudes. However for the
given sltitudes the effect cannot be great and it can be
easily hidden by the erros of determination of the tempe—
reture snd altituds. In general it is very difficult to

. gun . ‘ e
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. notice auy temperature change at the altitudes of 100 -
= 150 km depending on the intensity of the awrers, as the
gradient at these altitudes is great and it is difficult
to separste temperature changes with the height of the
heating effects during the aurors. (The temperature
change® twice at the sltitude of the order of 25 km). The
condition is better for the altitude of 200 km, as from
this level the temperature gradient decreases and temperature
changes are difficult to be attributed to the change of the
altitude even 1f these: altitudes are not accurately
determined. So the determinations of the rotalimjtemperstures
of 1iG Iz' in the red aurorse of the type and especially
in the suulit surorae and also interferometric observations
of A 6300 which coames from the altitude of 200 km.
Rotational temperatures in the sunlit aurorse are within
the limite of 800-2300°K (7-10). The fact that they are
over a wide interval, allows to think that theee temperatures
reflect real conditions and do not depend on the mechanism
of excitetion. According to StSrmer sunlit rays me
observed at the altitudes of 400-500 km. The temperature
of the normal atmosphere in these conditions,according to
(6), doss not exceed 1800°K.

Observations oi the red line profiles (4) show

that the Doppler temperature can change from 1200% in the .
night almost without aurora to 3500°k for the bright red

auroras. Pigs. l1-4 present the interferograms of the linme
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of the laboretory source amd AS5577 and A 6300 for
different surorss. There were no simultaneous messurements
of the altitudes carried out, however the growth of intensity
of the Sdgs with the growth of tempersture shows that the
tempereature rise is hardly connected with the growth of
altitude of the luminous formation.

It should be noted that sometimes interferometrically
( T.M.Malysrchik) s noneDoppler profile of A 6300 was
obeerved, the intensity in the wings of the observed comtour
being greater than for the Doppler conmtour. This permits
$0 suppose that there are some cases of superimposing of
higher tempereture contour of less intensity on the bdasic
contour. However for the observations on the 17-th of
December, 1958,when the temperature of 3500 was registered
the comtour did not differ from Doppler distribution. At
the seme time with & slight difference of the temperatures
of the radiant regions the resulting contour of the emission
1ine proves to be clome to Doppler contour.

As it is difficult to conceive such a night tempere-
ture at these altitudes within the bounds of the exciting
models of the atmosphere one shonld adamit the fact of intense
heating of the atmosphere during aurores.

Besides such a temperature rise of the polar
atmosphere during some separate days for aurorse forms, a
aystematic rise of Doppler and rotational teaperatures in

the asurorsl sone is observed. The effect is not great but

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4



. il —
Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4

-6 -

it can be traced by interferometric measurements of green and
red 1lines (3,4) and determinations of the rotationsl te.pe-
rature of OH (1,2) in the nightglow. (It is true that
nothing is known of the variations of the height of the glow
of these emissions).

The most attractive varisnt of polar atmosphere
heating is warming up by corpuscles. Optical observations of
the nightglow of the polar sky and aurorse as well ss rocket
measuremnts of corpuscular streams permit to meke estimates
of the quantity of energy (entering) in the polar stmosphere.

There exist other possible mechanisms of polsr
atmssphere hesting. In the firet place we mean magnetic-hydro-
dynamic waves (11). If the mean amplitude of these waves over
the iomosphere reaches some hundreds of gammas at frequencies
of 0.1 - 10 herts, the dissipation of the ensrgy of similar
waves at the height of 200-300 km can prove to be essential
for the heat balance of the atmosphere. It may be that such
conditions take place during magnetic storms (12). Magneto -
hydrodynemic waves with lower frequencies (periode 4-8 ain)
and emplitude of the order of lozf are discovered during
ground observations (13). One can suppose that there exist
such waves of higher frequency. It is neeessary to study quick
variations of the megnetic field at high altitudes and on ground
to provide the amateriasl for confirmetion of thia supposition.

Other sources of h‘“”_; (meteors,acoustic waves
from the troposphere etc.) are not significant in the heat

balance of the polar atmosphere (14).
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It is difficult to determine the amount of the ene rgy
of the corpuscular stream changing to heat during its inter-
action with the atmosphere. Various estimates (15,16)
differ from each other, but, appsrently, the greater part
of the energy reradistes in the form of electromagnetic
onexgy (emission in the visible,infrared and ospecially far
ultreviolet region of the spectrum).

T.o:We assume the amount of the electrom energy changing
to heat to be equal to 20%. Direct measurements of elsctran
fluxes during a weak (apparently, IBCI) and strong
(IBCIII) aurors gave values of the order of 1-2 and
severel hundred erg.cm 2secl. stered~! (17)s Mo rocket
Wetsuremnts in polsr areas take place without suroras.
Electron fluxes 4in thie case can be estimated according to
optic obeervations of the bands A 3914 and A 4278 o, *
(15). Por soft electrons the energy lost to form one
ion-pair 1is equal to 35 electromvolts (18). At the seme
time 2% of the forwed ions rediste in the band of (0,1)
IIGI.‘,’ (19,20). Apparently,electron current S equals to

S - 2.801

org 3914 (KR)

S.r‘ = 6,6 .1

4278 (RR)

Measuremsnts in Loparskays in tle period of IGY permitted
to estimate in electron flux when there were no aurorae in
1 erg.on"2gec"1 (15)s In the minimum of solar activity thia
value is 1less, but the intenajty of the bard A 4278 R 1is

never lowered below 50 R, which gives estimate of the corpus-
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culer stream at 0.3 erg.cm sect,

- It is Ilo'n that the microwsve radistion of atomic
oxygen is & marked oooling fastor of the upper atmosphere.
Asoerding to estimates of Bates (21) and Nicolet(22) the
intensity of refiatiem of A ® €3 over 150 km is sbout
0,1 m.‘.-'!ui‘. end over 100 km about 1 orpc-'zuc'l.
Thus 1f the corpuscular strees resches the bheight of 100 km
1ta iatensity is 1 ou.e-'ano'l which corresponds in our
ovppositisns to thermal efficiency of 0.2 erg.cm - sec” .
Wamiag up of the atmosphere over 100 k= begins from the
intensity of the corpuscular streasm 5 erg (I”u ~ 2kR).
1ot ws note the fact that the dright suroree (IBCIII) can
songequently provide though short but intense heating of
the atmosphere. Direct measurements of the intensity of
elestron fluxes gives values of the oxrder of 103 or;.cn’z.
which corresponds to the thermel energy of 200 org.c-'znc'l.
released up to the height of 100 km (2.107> electron volta/par-
ticle sec).

Consequently,noticeable hesting of the atmosphere by
the corpuscular stream can be provided during an order of an

hour.

Note
In 1961 amd 1962 the authors evaluated temperature
from twilight flesh of helium A10830 . A Pabry-rerot
étalon with an image converter was used. Ome of the
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photographs is shown in Fig.5. The width of the helium
line component is no larger than 0.15 ingstrdm (23,24).
This method was used in epring 1962 to etudy the H

line in the nightglow. The width of the geocorona Hg
line proved to be less than 0.3 £. Observations carried
out for antisolar point enabled to detect 3ome decrease of
intensity of the He line in this point which dropped off

about to halve (taking into account tropospheric scattering).
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legenda

Pig.l. Interferometric photograph of the lins A 5577
in mlsrera’: (h ~ 200 mm).

Pig.2. Photograph of the line A 6300 £ in an
A type aurors of moderate intensity.

Pig.3. Photograph of the line A 6300 & in s brignt
A type aurora

Mg.4. Photograph of the laboratory source (yellow
line of krypton).

Pig.5. Interferogram of the line He A 10830 £
in twilight.

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4



l

Declassified in Part - Sénitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4

«

- 1] -
References

1. D.H.McPherson, A.Vallance Jones. JeAtn.Terr.Phys.,
17, 2302 (1960)

2. N.N.Shefov, V.I.Yarin. Coll. "Spectral, Blectro~
photometrical and Redar Researches of Aurorse and
Airglow* No.5, 25 (1961), Results of IGY,Published
by the USSR Academy of Sciences.

3. D.O.Wark. Astrophye.J., 121, 491 (1360)

4. T.M.Mulyarchik. Izv.Akad.Nauk 855K, Ser.Geofis.,
No.3, 449 (1360)

5. D.M.Hunten. Ann.Géophys., 17. 249 (1361)

6. CIRA 1961. Report of the preparstory group for an
International Reference Atmosphere, accepted at the
Cospar Meeting in Florence,ipril, 1961.

7. A.B.Johmneon, A.Vallance Jones. Can.J. phys., Q,
24 (1962)

8. A.Vallance Jones, D.M.Hunten.Can.J. rhys., 38,

458 (1960)

9. P.K.Shuiskaya. Coll. "Spectral,jlectrophotometrical
and Radar Researches of aiurorae and Alrglow" No.5
49 (1961), Results of IGY,Published by the USSR
Academy of Sciences.

10. V.I.Yarin. Coll. “Spectral,ilectrophotometrical and
Redar Researches of iurorse and Airglow®, No.5, 53
(1961), Results of IGY,Published by the USSk Academy

of Sciences.

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4



_ | I
Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4

«

- 12 -

11. A.Dessler. J.Geophys.Res., 64, 397 (1959)

12, A.I.Ershkovich. Isv.Aked.Nsuk SSSR, Ser. geofitc.,
No.2, 254 (1962)

13. M.Sugiurs. J.Geophys.Res.,66, 15, (1961)

14. 0.S.Golitsin. Isv.Aked.Nauk SSSK, Ser.geofis.,

 NeuT, 734,1961)

15. Iu.l.Galperin. Isv.Akad.Nsuk SS3k, Ser.geofis.,
No.2, 252 (1962)

16s J.W.Chemberlain. Mém.Soc.Roy.Sci.,Lidge, t.IV,
606 (1961)

17. C.i.McIlwain. J.Geophys.Res., 65, 2727 (1960)

18. J.M.Valentine, 8.C.Curran.Rep.Progr.Phys., 23,
1 (1958)

19. D.T.Stewart.Proc.Phys.Soc. (London), 468, 404 (1955)

20. D.T.S8tewart."The Airglow and the Aurorse”. Ed. E.5.
Armstrong a. A.Dalgarno. Pergemon Prua.l.ond&n.
Pp-283 (1955)

21. D.R.Dates. Proc.Phys.Soc., B, ﬁ. 805 (1951)

22. MN.Nicolet. Planet.Space Sei., 5; 1 (1961)

23« P.V.8hoheglov. Astron.fhurn., USSR, 33, 158 (1962)

24. P.V.8hcheglov. Coll. "Aurorae and Airglow” ,)o 9,
59 (1962),Resulte of IGY,Pudlished by the USSR
Academy of 8ciences.

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017500030001-4



